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ABSTRACT 

The integrity of the visible channel calibrations of the TIROS >-channel 
During a 16-month period, the radiom- radiometer unit No. 103A is discussed. 

eter experienced approximately 75 hours of near-space environment on balloon 
flights of 22-miles altitude and in environmental test chambers simulating 
conditions at 22 miles. 
time are shown to agree within the error of the measurements. 
method of making the calibrations are discussed. 

Data from three sets of calibrations made during this 
The theory and 
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1. INTRODUCTION 

The meteorological satellites TIROS 11, 111, IV, and VI1 have each used 
a Barnes Engineering Company 5-channel Radiometer1 for the measurement of the 
thermal radiation emitted by the earth and its atmosphere and of the solar 
radiation reflected and scattered by the same agents.2 A radiometer of the 
same type has been used by The University of Michigan's High Altitude Engi- 
neering Laboratory for similar measurements on balloon flight tests at an al- 
titude of approximately ll5,OOO feet. 

One of the most important factors in the interpretation of the data meas- 
ured by a radiometer is a knowledge of its operational characteristics, a 
thorough understanding of which is best obtained by frequent, careful calibra- 
tions. Ideally these calibrations would be made under the same environmental 
conditions experienced by the satellite-borne instrument. Also it is desir- 
able to make calibrations both before and after flight data are obtsined, so 
thzt  pse i51e  changes in inst~~~ent characteristics can 5e detected. 

The requirement of calibration under proper environmental conditions was 
certainly met in the preparation of the radiometers for the TIROS flights,3 
however, post-flight calibrations are impossible for the satellite work since 
the radiometer is not recovered. 

The radiometer on the balloon flight tests can provide some knowledge of 
the integrity of the instrument characteristics after it has been used for 
some time under near-space conditions. The TIROS 5-channel radiometer No. 
lO3A was flown on balloons four times between May 1961 and September 1962, 
In addition, the radiometer was operated under simulated balloon-flight en- 
vironmental conditions four times during this period. The total time of 
operation under near-space conditions during this period approximates 7'5 
hours. Calibrations were made in May 1961, in August 1961, and in September 
1962 at the NASA Goddard Space Flight Center; additional calibrations were 
made at The University of Michigan. 

The purpose of this report is to discuss a portion of these calibration 
data to see what they reveal about the long-term integrity of the character- 
istics of the visible channels of this radiometer. Future reports will con- 
sider the visible channel calibrations at Michigan, the thermal channel cal- 
ibrations at NASA and Michigan, and w i l l  attempt to establish the absolute 
accuracy of all of these calibrations. 

1 



2 .  DESCRIPTION OF THE RADIOMETER 

The p r inc ip l e  of t h e  TIROS 5-channel radiometer i s  i l l u s t r a t e d  schemat- 
i c a l l y  i n  F i g .  1, showing t h e  bas i c  components of a s i n g l e  channel of t h e  
radiometer .  
power-point ( the  f i e l d  of  view down t o  5% of maximum response i s  8 t o  9" ) . 
The chopper disk-prism arrangement causes the  radiometer t o  look a l t e r n a t e l y  
i n  opposi te  d i r e c t i o n s .  During f l i g h t  and dur ing  c a l i b r a t i o n ,  a re ference  
t a r g e t  i s  viewed i n  one d i r e c t i o n ,  and the  e a r t h  o r  c a l i b r a t i o n  t a r g e t  i n  t h e  
opposi te  d i r e c t i o n .  The re ference  t a r g e t  i s  o u t e r  space dur ing  f l i g h t  and i s  
a l i q u i d  nitrogen-cooled b lack  body during c a l i b r a t i o n .  
ha l f  black chopper d i s k  r o t a t e s ,  t h e  r a d i a t i o n  reaches t h e  d e t e c t o r  a l ter-  
n a t e l y  from opposite d i r e c t i o n s .  The r e s u l t i n g  chopped s i g n a l  i s  ampl i f ied  
and r e c t i f i e d  t o  produce a D . C .  s i gna l ,  which i n  t h e  i d e a l  instrument  i s  
propor t iona l  t o  t h e  d i f f e rence  i n  energy f l u x  received from t h e  two d i r e c -  
t i o n s .  The two viewing d i r e c t i o n s  a r e  c a l l e d  " w a l l "  and " f loor"  s i d e  of t h e  
radiometer according t o  t h e i r  l o c a t i o n  i n  the  TIROS sa te l l i t e ,  i . e . ,  one 
view i s  through t h e  w a l l  s i d e ,  t h e  o the r  through the  f l o o r  s i d e  of t h e  sat- 
e l l i t e .  

The f i e l d  of view of each channel i s  about  5 O  wide a t  t h e  ha l f  

As t h e  h a l f  mir ror -  

The nominal c h a r a c t e r i s t i c s  of t h e  two v i s i b l e  channels,  channels 3 
and 5 ,  with whose c a l i b r a t i o n  we are concerned i n  t h i s  r epor t ,  are given i n  
Table 1. 

TABLE I 

NOMINAL CHARACTERISTICS OF TIROS RADIOMETER 

CHANNEL 3 AND CHANNEL 5 

Channel Number ,. , 3 5 
Purpose of " R e f  l e e  t ed"  So la r  Comparison 
Measurement Radiat ion with TV-Photos 

Wave -length 
(Nominal ) .2-6 microns .55 - .75 microns 

1 
I 

I A1203 
B o F ~  Optics  ( l enses  ) A1203 

Si02 

F i l t e r s  
In t e r f e rence  

and 
Chance Glass 

2 



3. METHOD OF CALIBRATION 

The method of calibration used in the NASA calibrations of the visible 
channels of the TIROS ?-channel radiometer is referred to in the literature 
as the "Near-Extended Source Method.I4 A diffuse* source, larger than the 
radiometer aperture, which will completely fill the radiometer field of view, 
is placed within a short distance of the aperture so that the transmissivity 
of the medium between the source and the atmosphere is essentially unity. 
The equations which apply can be written as follows. 

Assuming that: 

a. The source is an ideal diffuse source of known spectral 
radiance xc. 

b. The transmissivity of the medium between the source and 
- - a z - . - - ~ - -  
i a u I U I I I c  b C I  is unity. 

The characteristics of the calibration source are given by 

N, = Nhcdh watts -em" -steradian" 
0 

W, = [ Whcdh watts 
0 

and the relations 

- Nhc - - 
r[ 

Where : 

is the spectral radiance, watts-an-2-steradian-1-micron'' NhC 
Whc is the spectral radiant emittance, watts-cm'2-micron-1 

N, is the radiance, watts-cm-2-steradian-1 

We is the radiant emittance, watts-cm-2 

*Diffuse in the sense of a Lambert radiator! 

3 



The irradiance of the radiometer aperture is 

( 3 )  = s1. watts Nhcdh 

where R is the solid angle viewed by the radiometer. The total radiant power 
at the radiometer aperture is 

f p  

HcAr = Ar-R* I NhCdh watts (4) 
U 
0 

where A, is the effective area of the radiometer aperture. 

If the response of the radiometer is constant over its entire field of 
view, the voltage output of the radiometer is given by 

where R is the responsivity constant of the detector in voltsewatt-l, and #h 
is a quantity called the effective spectral response of the instrument, with 
maximum value < - 1, which accounts for the spectral response of the detector, 
the transmission of optieal components such as filters and lenses, and the 
reflectivity of mir ro r s .  We can write the last equation as 

V, c. = R-Ar-G*Nc' (volts ) 

where 

m 

NA = NAc#h"dh watts-cm-2- ( 7 )  
Steradian*l 

is said to be the "effective" radiance of the source, i.e., the.radiance of 
the source modified by the spectral response characteristics of the instru- 
ment - 

In the practical case in which the response of the radiometer is not 
uniform over the entire field of view, we can write the voltage output of the 
radiometer as 

I 
1 
1 
1 
1 
I 
I 
I 
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where R ( w )  is the responsivity ofthe radiometer as a function of the solid 
angle o. Even in this case we can write 

where R '  is the responsivity of the detector averaged over the entire field 
of view, i .e., 

Thus the equation which describes the voltage output of the radiometer is (9) 
above, or, for this "diffuse" calibrating source, 

Where Wi is the "effective" radiant emittance of the diffuse source, i.e., 
the spectral radiant emittance of the source modified by the spectral re- 
sponse characteristics of the instrument, i.e., 

The calibration procedure for the visible channels of the radiometer 
unit No. 10% consisted of the following steps: 

m 

a. Vary W, =i Whcdh of the diffuse source of known spectral distri- 
bution. 

b. Record corresponding values of V, and We. 

c. For a given value of We, calculate a corresponding value of W;. 
can be done using Eq. (12) above if Whc and 4~ are known for the 
diffuse calibrating source and the radiometer respectively. 

This 

d. Plot curves of V, vs. We, or V, vs. W: (the latter is used in this 
report ) 

These curves are the "calibration curves" of the radiometer for a diffuse 
target of the given spectral radiant emittance. Since the calibration curves 
of the radiometer are not completely independent of the temperature of the 

5 
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radiometer itself, there is a set of such calibration curves covering the 
range of temperatures over which the instrument is expected to operate, see 
Fig. 2. 

The calibration at room temperature was made with a "standard" lamp as 
a source and is the absolute calibration. The possible changes of the Cali- 
bration with radiometer temperature was investigated with another lamp, and 
only relative values were obtaLned. 

I 
1 
D 

Ideally, the instrument calibrated as indicated in this section would 
be used only with diffusely radiating unknown targets of the same spectral 
radiant emittance WAC as the calibrating source, in which case the use of the 
calibration curves is quite straightforward. The interpretation of the data 
in the case in which the target is not diffuse or does not have the spectral 
distribution of the calibrating source is more difficult and will not be 
discussed further here 

The usefulness of the instrument depends on the calibration curves re- 
maining constant over long periods. This stability is the subject of the re- 
ported investigation. 

I 
I 

b 



4. THE EFFECTIVE SPECTRAL RESPONSE 

The effective spectral response of a channel of the radiometer is given 
3 by: 

where 

Rph is the spectral reflectivity of the radiometer prism 

R: is the spectral reflectivity of the aluminized half of the chopper 
disk 

R; is the spectral reflectivity of t i e  black iraif of the chop-@r disk 

fh is the spectral transmissivity of the filter-lens portion of the 
given channel 

Ah is the spectral absorptivity of the thermister detector. 

In the actual computation of the expression 

M was used, thus assuming that RA = 1 and Ah = 1. 
for the visible channels of the radiometer are given in Section 7. 

The data used to compute & 

I 
I 
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5 .  THE RADIANT EMITTANCE OF THE SOURCE 

Figure 3 is a schematic diagram of the calibration arrangement. The 
diffuse calibration source was produced by reflection of light from white 
Kodak paper. 
calibrated by the National Bureau of Standards and at the Naval Research 
Laboratories. 

The source of light was a type G.E. 3OA/T24/3 lamp No. 6271, 

The apparatus consisted of a calibration rack containing fixed mounts 
for the standard lamp and the radiometer. Two white Kodak paper targets (of 
fixed radii of curvature 42.0 cm and 90.0 cm) could be placed at various 
distances from the lamp in order to vary the intensity of light reflected 
to the radiometer. 
tances of 45.7, 48.2, 50.7, 53.2 and 55.7 cm from the lamp; the 90.0 cm 
radius of curvature target was used at 55.7, 57.7, 62.7, 72.7, 82.7, 9.7 
and 102.7 cm from the lamp. 

The target of 42 cm radius of curvature was used at dis- 

During the calibration measurements the standard lamp was operated at 
15.30 amperes and 94.60 volts (M). 
calibration with an NLS digital voltmeter with A.C. converter. Voltage fluc- 
tuations of approximately 0.55 were observed. 
was measured with a Hewlett-Packard 410-B voltmeter. 

The voltage was measured during the 

The radiometer output voltage 

Calibration data supplied by NASA personnel for the standard lamp con- 
sisted of: 

a. The Bureau of Standards data; i.e., the luminous intensity of the 
lamp is 3455 candles under the above operating conditions. 

b. Acurve of relative spectral radiance (in arbitrary units) ob- 
tained by Naval Research Laboratory personnel (see Fig. 4 )  for the 
same operating voltage. 

From this data the spectral radiant intensity of the source, can be cal- 
culated as follows. The luminous intensity of the lamp is given by 

where 

I is the luminous intensity in candles (lumens-steradians-l) 

h is the wavelength, in microns 

8 
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685 is the luminous efficiency of monochromatic flux of wavelength 
0.555 microns (lumens-watt-1) 

is the relative spectral radiance, in arbitrary units 

kh is the relative luminosity of a standard observer for good light- 
ing conditions (see Fig. 5 ) ,  i.e., the luminous efficiency at wave- 
length h is 685 kh lumens/watt 

k is a constant 

Thus if we solve for k from Eq. (l?), we find 

k =  3455 

0 

and the spectral radiant intensity of the NBS standard lamp is 

Jh = k*k watts -s teradian'l-micron-I 
(17 1 

The value of k obtained for the standard lamp No. 6271 obtained in this fash- 
ion is 39.084. 

Since Jh max for the spectral radiant intensity of the NBS standard lamp 
occws at a wavelength hmx of 0.91 micron, the spectral distribution of the 
lamp is approximately that of 3170'K black body (see Fig. 4 for comparison). 

The Kodak white paper is curved and the lamp located so that the radi- 
Under ation from the lamp is very nearly normally incident upon the paper. 

these conditions, the spectral radiant emittance of the calibration source 
(the Kodak paper) is 

watts -meter -2 -mic ron 

Where rh is the diffuse reflectivity of the white Kodak paper (Fig. 6) and R 
is the distance (in meters) from the standard lamp to the white paper. 

The radiant emittance of the calibrating source is therefore 

CO 

= k p p  

9 

watts-meter-2 (19) 

watts -meter -2 ( 2 o ) 



6. THE "EFFECTIVE" RADIANT EMITTANCE OF THE SOURCE 

The "Effective" radiant emittance of the calibration source was given 
by Eq. (12) above, i.e., 

where Whc and & are given by Eq. (18) and (14) above, respectively. 

The integration was performed numerically, by summing the contributions 
to the integral from each small increment of wavelength Ahi, thus 

10 

watts -meter -2 (21 ) 
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7. RESULTS 

The da ta  used t o  spec i fy  t h e  c a l i b r a t i o n  c h a r a c t e r i s t i c s  of t h e  TIROS 5-  
channel radiometer No. 1 0 3 A  are given i n  Table I1 f o r  channel 3, and i n  Table 
I11 f o r  channel 5 .  

and t h e  product kJlhrhg$, ( t h e  "ef fec t ive"  s p e c t r a l  r a d i a n t  emittance of t he  
Kodak white paper source)  are given i n  Figs .  7 and 8 re spec t ive ly  f o r  both 
channels.  

Jlr and rh are p l o t t e d  i n  F igs .  4 and 6, as noted above. 

The summation ind ica t ed  i n  Eq. (21) was c a r r i e d  out ,  and t h e  "e f f ec t ive"  
r a d i a n t  emittance of t h e  c a l i b r a t i o n  source w a s  found t o  be 

(Channel 3 )  w; = 66~74 R w a t t s  per  meter2 (22 )  

w a t t s  per  m e t e 9  (23 ) 4.65 (Channel 5 )  w; = - 
R2 

The c a l i b r a t i o n  d a t a ,  i . e . ,  values of V, versus  W; f o r  1 4  values  of R 
taken with the  radiometer a t  room temperature are given i n  Table I V  for 
channel 3 ,  and i n  Table V f o r  channel 5 .  Complete sets of data were taker. 
i n  May and August of 1961, and spot checks were made i n  September 1962. 

Radiometer temperatures du r ing the  t h r e e  c a l i b r a t i o n  runs are shown i n  
Table V I .  

Figure 9 shows t h e  temperature dependence of t h e  c a l i b r a t i o n  d a t a  ( r e l -  
ative c a l i b r a t i o n  curves)  f o r  channel 3 ,  w a l l  s ide ;  f o r  convenience, a por- 
t i o n  of t h e  da t a  i s  r e -p lo t t ed  i n  F ig .  10. S imi l a r ly ,  t h e  temperature de- 
pendence of the  c a l i b r a t i o n  curves f o r  channel 5 ,  wall s i d e ,  is  shown i n  Fig.  
11, with a por t ion  of  t h e  da t a  r e -p lo t t ed  i n  F ig .  12. 

The da ta  of May 1961 have been cor rec ted  t o  t h e  radiometer temperature 
of t he  August 1961 and September 1962 da ta .  
r ec t ed  t o  t h e  radiometer temperature of 30°C. 
co r rec t ed  t o  t h e  radiometer temperature of 3 1 ° C .  
r e s u l t s  are shown i n  Tables V I 1  and V I 1 1  r e spec t ive ly ,  and are p lo t t ed  i n  
F igs .  13 and 1 4  r e spec t ive ly .  

For channel 3 the  da t a  were cor -  
For channel 5 t he  da t a  were 

The cor rec ted  c a l i b r a t i o n  

The May 1961 and August 1961 c a l i b r a t i o n s  agree wi th in  the  accuracy of 
the  measurements. 
a l s o  e s s e n t i a l l y  i n  agreement. 

The September 1962 da ta  show somewhat more s c a t t e r  bu t  are 

11 
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TABLE IV 

CALIBRATION RESULTS FOR CHANNEL 3 

(Uncorrected f o r  Temperature Dependence) 

Floor Side Wall Side 
May A u g  Septa  May Aug Sept 
196 1 196 1 1962 1961 196 1 1962 

Volts Volts 

31.9 0 6 6.02 5.86 5.94 5.58 5.08 5.16 

w; 
( watat-m-s) 

259.7 4.98 4,90 - -  4.54 4.24 4.24 

-- 235.8 4.54 4.44 -- 4.20 3.96 

215.2 4,18 4.16 4.00 3.78 3.68 3.64 

219.0 4.28 4.14 -- 3.82 3,66 3-44 

200 * 5 3992 3.82 -- 3.56 3.28 3.18 

3.26 - -  3.18 2-90 -- 169.8 3.38 

145 (I 6 2,88 2..84 2.64 2.74 2.46 2,32 

-- 2,42 2.1; -- 126 3 2*54 2 s  46 

110.6 k 2 8  2.18 - -  2.12 1.83 1,78 

-- 1.74 ~ 6 2  -- 97.6 1.86 1,82 

77.7 1.62 1.58 1.44 1.46 1.33 1.32 

-- 1.20 1. LO - -  63b3 1.32 1.25 



TABLE v 

CALIBRATION F.ESULTS FOR CHANNEL 5 

(Uncorrected f o r  Temperature Dependence) 

Floor Side W a l l  Side 
w;: May Aug . Septa  Aug Sept . 

( w a t t  -m-2> 1961 1961 1962 1961 196 1 1962 
Volts Volts 

22.3 2.90 2.60 2.90 2.94 2.64 2.78 
20.0 2-64 2.36 -c 2.64 2.38 -- 
18.1 2.34 2.14 -- 2.42 2.14 2.36 
16,4 2.16 1.90 -- 2.20 1.92 -- 

15.3 1.98 1-76 -- 2.10 1.78 -- 

11.8 1.56 1.38 -- 1.64 1.44 -- 
10.1 1.36 1.20 1.20 1.40 1.20 1.26 
8.8 1.18 1-06 -- 1.22 1.08 -- 

7.7 1.04 0 90 1.10 * 92 - 98 
' 90 0 76 6.8 -86 e 76 -- 

5.4 70 e 62 68 74 .64 .64 
4.4 58 0 52 60 0 52 

15.0 2.00 1.72 1,96 2.00 1.72 1.94-1.98 

14.0 1.84 1.60 -- 1.94 1.72 1.74 

-- 
-- 

-- -- 

TABU V I  

RADIOMETER TEMPEMTURES DURING CALIBRATION RUNS 

C h a n n e l  3 Channel 5 
Wall Side Floor Side Wall Side Floor Side 

Begin, End, Begin, End, Begin, End, Begin, End, Date 

"C "C "C "C "C "C "C "C 

May, 1961 25.8 27.5 28.3 29.0 28.4 27.6 29.3 29,2 

Aug., 1961 29.8 30.5 31.1 31.0 30.7 31.1 31.0 31-1 

Sept . ,  1962 29.1 29.9 30.6 30.6 30.0 30.2 30.6 30.6 



T A B m  V I 1  

CALIBRATION RESULTS FOR CHANNEL 3 AT 30°c 
( C o r r e c t e d  f o r  t he  R a d i o m e t e r  T e m p e r a t u r e )  

Wall S ide  
A u g .  , 1961 Sept. ,  1962 May, 1961 w;: 

( w a t t  -m-2) V o l t s  

319.6 5-30 5.08 5.16 

4.52 -- 287.3 4.79 

259- 7 4.31 4.24 4.24 

-- 235.8 3.99 3.96 

215.2 3.59 3.68 3.64 

219* 0 3063 3.66 3.44 

200.5 3.38 3.28 3.18 

-- 169.8 3.02 2.90 

145 e 6 2.60 2.46 2.32 

126.3 

110.6 

97.6 

77.7 

63.3 

20 30 2.12 

2601 1.88 

1.65 1.62 

1.39 10 33 

1.14 1.10 

16 



TABU VI11 

CALIEBATIOII RESULTS FOR CMNEL 5 AT 30°c 

(Corrected for t he  Radiometer Temperature) 

Wall Side 

Volts 
May, 1961 Aug., 1961 Sept. , 1962 w; 

( watt -m-2) 

22.3 2.72 2.64 2.78 

20.0 2.44 2.38 -- 

18.1 2.24 2.14 2.36 

16.4 2.04 1.92 

15.0 1.85 1.72 

-- 

1.96 

15.3 1.94 I-. 78 -- 

14.0 1.80 1.72 1.74 

11.8 1.52 1.44 -- 

10.1 1.30 1.20 1.26 

8.8 1.13 1.08 -- 

7.7 1.02 

6.8 83 

5.4 

4.4 

.68 .64 

.55 52 

.64 

-- 



8 DISCUSSION AND CONCLUSION 

The accuracy of this evaluation of the long-term integrity of the chan- 
nel 3 and channel 5 calibrations of the TIROS ?-channel radiometer depends 
on tne ability to repeat and measure precisely the calibration source char- 
acteristics, the radiometer operating characteristics and the radiometer 
output voltage. 

The factors which affect the repeatability of the calibration source 
characteristics are the stability of the light output of the lamp, the 
stability of the reflectivity characteristics of the Kodak white paper, the 
repeatability of the lamp to white paper distances and the lamp operating 
voltage e 

The lamp is operated at about 85% of its normal operating voltage and 
thus should have a lifetime (500 hours ? )  much longer than the time it was 
actually used. Although it is assumed that the lamp characteristics at the 
given voltage did not change during the 16 month interval over which the 
calibrations were carried out, it is felt that this assumption has not been 
checked well enough and that further use of this calibration apparatus would 
warrant additional calibrations of the characteristics of the lamp itself. 

The reflectivity of the Kodak white paper can vary somewhat depending 
on the nature of the accumulation of surface dust, Similar reflecting sur- 
faces of magnesium oxide show a 2% decrease in reflectivity after a short 
time of use, followed by a rather long period of stable reflectivity char- 
acteristics. We assume the same behavior for the Kodak white paper target 
and thus assume a maximum uncertainty of 2% in reflectivity characteristics. 

The lamp voltage and lamp to white paper distance are repeatable 
within 5 O.?$ and so contribute only a small uncertainty to the resulxs 

The radiometer operating characteristics should repeat if all rad' i om- 
eter power supply voltages are kept at their proper values. Precautions 
are taken to monitor these voltages at intervals before and during the cal- 
ibration ruGs and critical voltages are regulated. 

The radiometer output voltage is read with a maximum error of :t_ 3% of 
full scale. 

Table IX summarizes the estimates of the uncertainty which these various 
factors contribute to the calibrations. If these possible sources of error 
combine randomly, the net uncertainty would be k 4$0 
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TABLE IX 

UNCERTAINTY OF THE CALIBRATION DATA 

Possible Source of Error Uncertainty 
Lamp Characteristics 
Lamp Voltage 
White Paper Reflectivity 
Lamp to White Paper Distance 
Radiometer Operating Voltages 
Radiometer Output Voltage 

The data in Figs. 13 and 14 are seen to have scattered less than this 
amount and so it must be concluded that, under laboratory conditions the 
calibrations of channel 3 and channel 5 of the TIROS 5-channel radiometer 
maintained their integrity over this 16 month interval within the limits 
of the uncertainty in the measurements (+  44)0 
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Fig.  1. 
TIROS -5-channel radiometer. 

D i a g r a m  ind ica t ing  p r i n c i p l e  of opera t ion  of a channel of t he  
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Fig. 3. Schematic diagram of calibration arrangement. 
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Fig. 7. Effect ive spectral response of channels 3 and 5 of TlROS 5-channel 
radiometer. 
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Fig.  8. 
TIROS 5-channel radiometer channels 3 and 5 .  

White paper "ef fec t ive"  s p e c t r a l  r ad ian t  emittance,  k$A&rA, f o r  
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Fig. 9. 
voltage vs. radiometer temperature. 

Temperature dependence of calibration data for channel 3, bulb 
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Fig. 10. 
voltage vs . radiometer voltage. 

Temperature dependence of c a l i b r a t i o n  data  f o r  channel 3, bulb 
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Fig. 11. Temperature dependence of ca l ibra t ion  data f o r  channel 5 ,  bulb 
voltage vs. radiometer temperature. 
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Fig. 13. Channel 3 ca l ibra t ion  data,  normalized t o  30°C. 
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